Carcass data from one side of 610 steers born from 1988 to 1990 in Cycle IV of the Germ Plasm Evaluation research program were analyzed to develop means for carcass traits and retail product percentages at two fat trim levels (.76 and .00 cm) by yield grade categories. Weights of subcutaneous (s.c.) fat and intermuscular (i.e.m.) fat were recorded separately at each trim level. Quadratic regression curves were plotted for percentages of roast and steak meat (R&S), retail product (RP), and fat trim components relative to incremental changes in USDA yield grade. Prediction equations were developed on a randomly chosen half of the 610 carcasses to predict weights and percentages of R&S, RP, and fat trim using carcass traits obtained at the time of USDA grading and then tested on the remaining half of the carcasses. In addition, prediction equations were developed using s.c. and i.e.m. fat plus carcass traits to evaluate the contribution of each to carcass fabrication yields. Percentage of RP, trimmed to either .76 cm or .00 cm of fat, decreased by an average of 3.5% for each full yield grade increase. Trimming to .00 cm of fat resulted in about 5.3% less RP compared to trimming to .76 cm. A prediction equation for percentage of RP trimmed to .00 cm using adjusted fat thickness, carcass weight, longissimus muscle area, and percentage of kidney knob had an R 2 value of .54. The variations in percentage of R&S and percentage of RP at both trim levels were reduced by removing s.c. fat trimmed to .76 cm; however, considerable variation still existed. Subcutaneous fat expressed as a percentage of the sum of i.e.m. and s.c. fat increased as yield grade increased, but the percentage of i.e.m. fat was higher than the percentage of s.c. fat for all yield grades. On the basis of partial correlation coefficients, i.e.m. fat was approximately twice as important as s.c. fat in accounting for variations in fabrication yields.
Introduction
The "close-trimmed" (to .64 cm of surface fat) lines of boxed beef produced by three major U.S. beef processors for retailers and purveyors currently account for approximately 45% of total boxed beef production. Although variation in cutability among carcasses and yield grades is reduced with hot-fat trimming of subcutaneous (s.c.) fat and kidney knob (Savell et al., 1989; Williams et al., 1989; Ahmed et al., 1992; Miller et al., 1995) , the extent of variation in cutability that remains because of differences in intermuscular ( i.e.m.) fat has not been well quantified. The extensive carcass fabrication studies of Crouse et al. (1975) , Crouse and Dikeman (1976) , Abraham et al. (1980) , May et al. (1992) , and Shackleford et al. (1995) did not separate s.c. and i.e.m. fat. Kempster et al. (1976) conducted the only major study on fat distribution and reported that the growth coefficient of s.c. fat was greater than that of i.e.m. fat. However, i.e.m. fat was the greatest contributor to total fat, followed by s.c. fat. No research has been published that reports s.c. and i.e.m. fat separately for different USDA yield grades.
The objectives of our study were to determine the relative effects of s.c. and i.e.m. fat on cutability, to examine the regression of fabrication components on yield grade, and to develop prediction equations for carcass composition using fat trim components and available cooler measurements.
Materials and Methods
Animals. Cattle ( n = 610) from Cycle IV of the Germ Plasm Evaluation research program at the U.S. Meat Animal Research Center were the sources of carcasses used in this study. Hereford, Angus, Shorthorn, Longhorn, Galloway, Salers, Gelbvieh, Charolais, Pinzgauer, Piedmontese, and Nellore sires were mated to Hereford and Angus dams to produce F 1 progeny. About 55 male calves were produced per sire breed in three calf crops (1988 through 1990) .
Management and Slaughter. Calving occurred from
late March through mid-May, and after a postweaning adjustment period of about 35 d, steers were fed a growing diet until they reached about 317.5 kg live weight. Steers then were fed a high-concentrate diet until they were slaughtered serially in four groups about 3 wk apart in a commercial processing plant.
Carcass Fabrication. After a 24-h chill, USDA (1989) yield grade and quality grade data were obtained by personnel from the U.S. Meat Animal Research Center. On the same day, the right side of each carcass was shipped to the meat laboratory at the U.S. Meat Animal Research Center. Kidney and pelvic fat was removed from each side and weighed. The round, loin, rib, chuck, brisket, and flank were trimmed to .76 cm of s.c. fat cover (includes cod fat from the flank). The shank does not have measurable s.c. fat, and the plate is mostly covered externally by the cutaneous truncii muscle. Therefore, all fat in the plate was considered to be i.e.m. fat. Primal cuts plus the flank and brisket then were fabricated into roast and steak meat and trimmed to .76 cm at all surface locations of accessible i.e.m. fat. Fat was trimmed to .76 cm to allow fabrication data from Cycle IV of the Germ Plasm Evaluation research program to be related to data from Cycles I, II, and III that had been analyzed and published previously. This study was initiated before the industry began producing closetrimmed ( ≤ .64 cm) boxed beef. Roast and steak ( R&S) meats were from the following NAMP (1988) cuts. The 158 round was fabricated into a 168 top (inside) round, 171 bottom (gooseneck) round, 167A knuckle, lean trim, fat trim, and bone. The 172 loin was fabricated into a modified 179 strip loin (3.8 cm tail length), 184 top sirloin butt, 189B tenderloin, lean trim, fat trim, and bone. The 103 rib was fabricated into a modified 109 rib (tail length varied with carcass weight), 123A short ribs, lean trim, fat trim, and bone. The 113 chuck was fabricated into a 116B chuck tender, 116A chuck roll, 114A shoulder clod (any portion less than 2.54 cm thick was removed), 1100 cubed steak (pectoralis muscle remaining in chuck), lean trim, fat trim, and bone.
Roast and steak meats obtained from the four minor cuts were the 120 brisket and 193 flank steak. Lean trim, fat trim, and bone also were obtained from each of the minor cuts. Lean trim from each cut was targeted to contain 20% fat. Samples of the ground, combined, lean trim were analyzed for lipid content, and the lean trim was adjusted arithmetically when necessary to contain 20% fat by adding or subtracting proportionally from the fabrication fat trim of each cut.
After all components were weighed and recorded, all s.c. (.00 cm) and accessible i.e.m. fat (.00 cm) were removed and kept separately from roast and steak meat and all components were reweighed and recorded. In this process, the 109 rib was made into a 112 ribeye with all surface fat removed, and the 179 shortloin was made into a modified (no tail remaining) 180A strip loin. For each of these two cuts, additional lean trim and bone were generated, as well as additional fat and bone. Then, roast and steak meat, lean trim, bone, and fat trim were reweighed and recorded. Only minor amounts of i.e.m. fat remained in the multiple-muscle R&S meat from the chuck roll, anterior end of the ribeye, and the top sirloin.
Retail product is defined as the sum of roast and steak meat trimmed to .76 fat cover and then to .00 cm fat cover plus lean trim with 20% fat. Carcass fabrication components are expressed on a weight basis and as percentages of the untrimmed side weight.
Statistical Analysis. Least squares means (Table 1 ) were separated using the GLM procedure of SAS (1989) . Data were analyzed using the procedures REG, CORR, and GPLOT of version 6.09 of SAS (1989) . Multiple regression was used to develop prediction equations to predict weights and percentages of roast and steak meat, retail product ( RP) , and fat trim using carcass traits obtainable at the time of USDA grading, as well percentages of s.c. and i.e.m. fat. Prediction equations were developed by first using the RSQUARE option of PROC REG to identify variables that were important predictor variables for weights and percentages of RP, R&S, and fat trim among the candidates of carcass weight, longissimus muscle area, percentages of s.c. and i.e.m. fat, 12th rib fat thickness, percentage of kidney and pelvic fat, and marbling score. We used predictor variables plus percentage of s.c. and i.e.m. fat to predict the values of the response variables (weights and percentages of R&S, RP, and fat trim). We also used the variables in the USDA prediction equation to predict kilograms and percentages for the response variables.
To compare the predictive capability of alternative models developed, the 610 carcasses were subdivided into two groups of even-numbered carcasses and oddnumbered carcasses. The odd-numbered carcasses were used as the fitting sample, and the evennumbered carcasses were used as a validation sample. Approximately one-half of each breed group was in the fitting sample. The residual standard deviation for each response variable was computed as the square root of the sum of the squared deviations of the observed minus the predicted value of the response variable divided by the degrees of freedom using the data in the validation sample. The simple correlation also was computed between the predicted and observed values of the response, then squared to give an estimate of R 2 for the validation sample. The residual standard deviation and R 2 for the validation sample then were used to make comparisons of the predictive capabilities of the models we considered. Models with lower residual standard deviations and higher R 2 values were considered to be the superior prediction equations. Multiple regression was used to develop prediction equations for RP and R&S meat trimmed to .00 cm of fat using traits currently evaluated in the USDA yield grade equation to allow precision comparisons between equations predicting these components trimmed to .76 and .00 cm.
Results and Discussion
Carcass Traits. 
Variability in Retail Product
Percentages. Figure 1 illustrates how percentage of RP at both trim levels changed as yield grade changed. Retail product percentage at .76 cm fat cover can be predicted from Eq. 1 in Table 3 . The predicted percentage of RP at .76 cm fat cover for yield grade 3.0 carcasses was 68.0, with an R 2 value of .58. The percentage of RP at .00 cm fat cover can be predicted from Eq. 2 in Table 3 . The predicted percentage of RP at .00 cm for yield grade 3.0 carcasses was 62.6, with an R 2 of .57. Figure 1 and Eq. 1 and 2 in Table 3 could be useful to Extension personnel, seedstock producers, university teachers of animal science, and researchers who "model" cattle growth and composition. Table 3 ).
Variability in Roast and Steak Meat Percentages.
yield grades, especially at the .76 cm trim level. Regression Eq. 3 and 4 for percentages of R&S at both trim levels are presented in Table 3 . Percentages of R&S in "close-trimmed" (to .64 cm) boxed beef produced commercially likely would be slightly lower than our yields for meat trimmed to .76 cm. Figure 3 illustrates how percentage of total fat trim at both trim levels increased as yield grade increased. Applying the regression Eq. 5 and 6 (Table 3 ) at the two trim levels to a yield grade 3.0 carcass shows that an additional 4.8% fat was removed when fat was trimmed to .00 cm relative to .76 cm. The R 2 values for Eq. 5 and 6 were relatively high (.63).
Variability in Fat Trim Percentages.
The predicted percentages of s.c. fat trim on a carcass weight basis for yield grade 3.0 carcasses were 2.5 and 7.2% for .76 and .00 cm trim levels, respectively (Eq. 7 and 8, Table 3 ). However, the R 2 values for quadratic equations for s.c. fat were relatively low (.25). This suggests that at any given yield grade, the percentage of s.c. fat removed during fabrication cannot be predicted with high accuracy. Figure 4 illustrates how percentage of s.c. fat increased as yield grade number increased. Figure 5 illustrates how i.e.m. fat at .76 and .00 cm trim increased as yield grade increased. Using a 3.0 yield grade as an example, Eq. 9 and 10 show that an additional 1.9% of i.e.m. fat is removed in trimming fat to .00 cm relative to .76 cm. This difference is considerably less than the 4.7% difference in s.c. fat at the two trim levels. We should point out, however, that there may have been some minor errors in distinguishing between s.c. and i.e.m. fat in some cuts when trimming to .00 cm. Also, some cuts such as flank steak, sirloin tip, and chuck tender had virtually no fat on them, even at the .76 cm trim level. The R 2 values for equations used to plot the curves for i.e.m. fat were considerably higher than those for s.c. fat (Table 3) . The percentage of i.e.m. fat for a 3.0 yield grade was approximately 1.5 times greater than that of s.c. fat. Seebeck and Tulloh (1968) reported 1.7 times as much i.e.m. fat as s.c. fat, and Kempster et al. (1986) reported 1.6 times as much i.e.m. fat as s.c. fat (not including cod/udder fat). These values are remarkably similar, considering the different fabrication procedures. Figure 5. Intermuscular fat trimmed to .76 and .00 cm as a percentage of carcass weight relative to yield grade increases (Eq. 9 and 10, Table 3 ). Table 3 can be used to predict percentage of bone. The low R 2 values suggest that percentage of bone at any given yield grade cannot be predicted with high accuracy. The percentage of bone was higher when roasts and steaks were trimmed to .00 cm fat than to .76 cm, because the 109 rib and 179 striploin were converted from semiboneless to boneless (112 and 180A) in order to remove accessible i.e.m. fat.
Contributions of s.c. and i.e.m. Fat to Fabrication
Yields. To more closely evaluate the relative contributions of s.c. and i.e.m. fat deposits to fabrication yields of carcasses with different yield grades, we plotted each as a percentage of the sum of the two rather than as a percentage of carcass weight. This was done at both trim levels. When s.c. fat was trimmed to .76 cm and expressed as a percentage of s.c. fat plus i.e.m. fat, both trimmed to .76 cm (Figure 6 ; Eq. 1, Table 4), s.c. fat represented approximately 29 and 39% of total fat for yield grades 1 and 5, respectively. When s.c. and i.e.m. fat were trimmed to .00 cm (Figure 6 ; Eq. 2, Table 4), s.c. fat represented approximately 37 and 41.5% of s.c. plus i.e.m. fat for yield grades 1 and 5, respectively. The plots in Figure 6 suggest that the proportion of s.c. fat increases as yield grade increases. Figure 7 shows that when both fat depots were trimmed to .76 cm, the proportion of i.e.m. fat declined from approximately 70 to 61% for yield grades 1 and 5, respectively (Eq. 3, Table 4 ). When all fat was trimmed to .00 cm, i.e.m. fat represented approximately 63 and 58% of i.e.m. plus s.c. fat from yield grades 1 and 5, respectively (Eq. 4, Table 4 ). Neither the i.e.m. nor s.c. fat in this research included that in the lean trim of our fabrication data. Figures 6 and 7 illustrate that the proportion of i.e.m. fat was higher than the proportion of s.c. fat for all yield grades, even though the percentage of s.c. fat increased as yield grade number increased. Kempster et al. (1976) also reported that i.e.m. fat was the greatest contributor to total fat; however, the growth coefficient of s.c. fat was greater than that for i.e.m. fat.
Even though extensive studies on beef carcass fabrication have been conducted by Cross et al. Table 5 . Regression equations and residual standard deviations for predicting weights of roast and steak meat, retail product, and fat trim at .00 cm fat trim from traits used in determining USDA yield grades Crouse et al. (1975) , Crouse and Dikeman (1976) , Abraham et al. (1980) , Griffin et al. (1992) , and May et al. (1992) , only Kempster et al. (1976) measured s.c. and i.e.m. fat separately in a study involving a significant number of carcasses. Therefore, our study provides useful data on i.e.m. fat differences across yield grades.
Regression Equations Using Yield Grade Traits. The
R 2 values for predicting weights of carcass RP, R&S, and fat trim were high (.90, .86, and .83, respectively; Table 5 ). Apple et al. (1991) reported R 2 values of .91 for weight of RP and .87 for weight of total fat trim when using chilled carcass traits in the USDA yield grade equation. Our R 2 values for the equation for predicting percentage of RP at .00 cm fat cover (Table  6 ) using USDA yield grade traits were higher than those reported by Apple et al. (1991) and Herring et al. (1994) for predicting percentage of RP. To our knowledge, no equation exists in the literature to predict percentage of RP at .00 cm using the same traits that are used to determine USDA yield grade.
However, our R 2 for the equation predicting percentage of RP using USDA yield grade traits was lower than that reported by Shackelford et al. (1995) in an equation using adjusted fat thickness; marbling score; longissimus muscle area; and estimated kidney, pelvic, and heart fat to predict percentage of RP ( R 2 of .54 vs .72, respectively).
Regression Equations Using s.c. and i.e.m. Fat and Carcass Traits.
To test the contribution that i.e.m. fat trim makes in predicting percentages of RP and R&S, equations were developed (Table 7 ) in which percentages of s.c. and i.e.m. fat trim were added as variables to equations that included carcass traits. The R 2 value and RSD for percentage of R&S meat were improved significantly from .71 and 1.02, respectively, to .88 and .76, respectively, when percentages of s.c. and i.e.m. fat were included. For percentage of RP, the R 2 value and RSD were improved from .75 and 1.95, respectively, to .93 and 1.20, respectively, when percentages of s.c. and i.e.m. fat were included. To evaluate the contribution that each made to these Figure 7 . Intermuscular fat trimmed to .76 and .00 cm as a percentage of subcutaneous fat plus intermuscular fat relative to yield grade increases (Eq. 3 and 4, Table  4 ). prediction equations, partial correlation coefficients were calculated. For percentage of R&S, the partial correlations were .045 for s.c. fat and .112 for i.e.m. fat. For percentage of RP, the partial correlations were .05 and .102, respectively. These partial correlation coefficients show that i.e.m. fat was approximately twice as important as s.c. fat in predicting percentages of R&S and RP. These fat percentages made greater contributions to the equations than carcass weight, longissimus muscle area, kidney and pelvic fat, and marbling score as determined by partial correlation coefficients. Results of Seebeck and Tulloh (1968) on 10 dissected cattle support our results that the regression value for i.e.m. fat was twice as large as that for s.c. fat.
Conclusions
Retail product was reduced by about 5.3% with trimming to .00 cm fat cover compared with trimming to .76 cm. The variations in percentages of R&S and RP were reduced by removing s.c. fat to .76 cm; however, considerable variation still existed. Intermuscular fat was approximately twice as important as s.c. fat in prediction equations for R&S meat and for RP. Subcutaneous fat expressed as a percentage of the sum of i.e.m. fat and s.c. fat increased as yield grade increased, but the percentage of i.e.m. fat was higher than the percentage of s.c. fat for all yield grades. An accurate prediction equation using carcass traits is presented for percentage of RP trimmed free of surface fat.
Implications
Approximately a 3.5% difference in total retail product can be expected among carcasses of different USDA yield grades at either .76 or .00 cm fat trim level. Trimming to .00 cm should reduce retail product by approximately 5.3% compared with trimming to .76 cm. Most of the marbling increase in cattle would be expected to occur between .80 to 1.3 cm of 12th rib fat thickness. Percentage of intermuscular fat would be expected to be greater than the percentage of subcutaneous fat at all yield grades and to be more important in accounting for differences in retail product. However, the rate of subcutaneous fat deposition would be expected to be greater during the last 60 d on feed. Percentage of retail product trimmed to .00 cm can be predicted accurately using carcass traits in an equation.
